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ABSTRACT 


This thesis will assist those evaiuating neiiconter 
design to make preliminary judaments about the feasihbilsrt. 
of new designs. By using the computer orcgram déve:wned iv 
this thesis, a designer can produce estimates for pcwer 
requirements, endurance velocity, rate of climbs, range 
velocity, hover ceiling, and service ceiling versus main 
ratar radius. These estimates can also be examined for the 


effects of changes in main erator radius, chord. aiid 


rotational velocity. 
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I. INTRODUCTION 


A military engineering officer in a praogram Gr Graject 
orfice would probably never be called an to présare «4 
Lormcentuat design of a4 helicopter, But he may well ow 


reoiired to evaluate a proposal submitted by a commercoral 


The requirement fee such an evaluatian might be ste 


Determine if this design meets or exceeds the 

performance factors listed on the cert pace ana 

if the design can be changed ta optimize the 

per formance. 
There are several approaches one could use to compiete this 
fask. One could use a hand held calculatar and enter tive 
data for the many equations, or one could write a peraaran 
fur oa micro or main frame computer to produce the + eauiresd 
inrormakior. Both these options are iaboriaus and time 
consuming. Ey choosing the first option, ane mav be abie ia 
complete the task in two or three weeks or if 1:t is dacideu 
Poiweite a prugram, one may finish in one week provide Prat 
Phere are na "Buga™. 

The best Solutian of course, i5 to use aN existine 

preagream whieh can determine the necessary intormatian for 
the spera fication parameters. Im addition, thas progr ain 


apould te alile tou show what happens if certais Dar amet rr 


FES aa ee CN ae rahe ee gr ey Ta ce - Se ee ee ee meee | 
eee albioned fa vary, Lhus praviding the formation ior 
ey Panmlrat ion. 
Tee opjective of this thesis was to develop such a 


program that wiil Greohiceiiy represent power regiai ements, 
erdurawe vwetocitv, rate of climb, range velocitiv, 
ceprling atd service ceiling all as a function ot man fi otar 
eadias Far four different cases. The graphs that resi 
tron this program shoauwid enable one not only to evaluate the 


ee tnee 
re 


facie heiicapter design, but also to make recommendaticns 


for desiyn improvement. 
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1 pertormance tactors (pOwer requirements, endur arc 
velarity, rate of climb, range velocity, Nover celrling +5 
Service ceiling) were determined to he ajar in desigqnicg oF 
Ss helicopter. In order ta obtain estimates fur these, os 


Fortran oraGgran was to be written to be used with "Hissrcaéa" 


Cliy tapi ay Integrated Software System anc Flatring 
Latguaged .Creaf. lj, to pilot the results of the performance 
Factors versus Main coter radius on either a screen or 2s. 


mare Cappy Fram tne Mar frame computer. 
rm oeguations required for calculating these factors 
were ubte ded From "Helicopter Ferformance",(Rhef. Belts iefuis 


“Helicopter Design Manual’, CRet. S12, both written bv Don=td 


taytun. These equations were examined and ties giouned 
Pail the purpose of writing subroutinrss ta enstirs an 
erfe tive use of computer time. The result was S16 stigma - 


hairees, Sumh-group A, CAppendi» BI, are used in aii {tes 


peer For mance calculatians. Sub-group & consist of: 


i. BRI - Calculates density from pressure alti tide wo 
Pember «hes oe given Gensity aititiude, Also ae@teracnes 
eet ot ard ot einer atiure ratia far aifitude Ver Sus ar) 


ire VELMA - Caleutates induced velocity far main wotor. 
we VEL TR Calbcilates anduced velocity for fait rotor 
11 
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V. CONCLUSIONS 
The G0 )eciive ar this thesis to desian a Grugran Shai 
Gvairiet es a Given set of Helicopter Gesign vaiues we 
achiuei a sive. The arogranm will qenerate therty two cere 
qragohs of six (4) performance tactars fOr anv S2AQGleonasr 
hehe Copter. The prouyram doeS aliGw tor one to aptims:ce «a 


desegm tarawoh the evatuetiaon of the variation OF Parameter s 
Fr ete far Tortie Factor. 

AL thes prant, the program takes inta accaint Nei ctr 
Cuspresosibilityvy mor Glade stail. These factors won 


biwcer Cw the estimations and may prove to be a wortnwine te 


praject For Further work. Other points which comld tie 
Boamined are twin-blade and na-tari-rotuor helicapters,. Cir 
the points mentianed above, blaGge design would orubabiyv he 


of moot importance since little has been done tu examine tie 
yitbimizatian of Blade twist and composite structures af 
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Example Maximum Rate of Climb - Case 2 
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Example Maximum Rate of Climb - Case 1 


Figure 4.1 
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athe Paap cee roc r ease of rate at ciimb. The CASeE were 


eo oriained in Tabie 3 and the Figures tollaw Tahie 4. 


Table 4 


Case Evaluation of Maximum Rate of Climb Ficts 


Case Figure Rate of Radius rercent 
Reference Climb (ft/sec) (#t) Increase 

1 4.1 2628 27.8 + 0,130 

z 4.2 2648 24.8 - O,154 

se 4.5 27300 30.65 + 2.60 

4 4.4 2437 2o.65 ~ SOO 


From examining Table 4, it would be best to increase the 
radius to 370.42 feet while holding the chord to 1.75 feat. 
the tio velocity to 722.6 ft/sec (radius times rotetionai 
velocity), changing the rotational velocity ta Bo. OS 
rad/sec, and calwtulating solidity from radius and chard, 
This, however, may not be the best answer if there is a 
fimitation to the radius of the blade. For this particte ar 
erample, the optimum soiution may be to leave the design as 
it is. Tacreasing or decreasing the radjus by small amounts 
woes littie tm increase or decrease the rate of climb. 

One mest not only look at one factor in making the fifi 
decision. The changes affect the performance factors in 
Jifferent ways, therefore, the final decision mist Gr mais 
after weighting all the ch ges against all the per turduaines 


faclor-.. 


IV. RESULTS 
The program will generate a total af thirty two 

The tirst twelve (12) pertain to power requirements. 
Ris ainclides induced, oratile, and parasite power far ct. 
main rotars and induced and profile power fur the tar: 
rotor. To indicate a relation between the power terms 
the main roter the figure of merit (induced divided by 
sum of the induced and profile power) is included. The 
of the terms (total power) for the main and tail rotor 


included with the total power required for the aircraft. 


remaining twenty (20) plats are for the performance factors 


mt endurance velarcity, rate of climb, range velocity, 


ceiling and service ceilina. 
The data for this particular model (UH-60A) was 
Pllustrate the features of the program and the 
presented are typical for this ee: ample anly. 
specifications of any model or design can be ised as 
the assumption of a single-mast helicopter with 
biades is follcawed. 
The plots created by the program represent the resuite 
cit varying the main rotor radius, cherd ar rotatianal 
velocity. To example how to interrupt the results, the +taur 


(4) plots for Maximum Rate of Climb will be analyzed. Table 


4 compares the results in relation to rate of climb, radius 
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Figure 3.2 Example of Right Hand Plot 
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Figure 3.1 Example of Lett Hand Plot 


The right hand plot shows the values of the performance 
factors based on a percent difference from the value at the 
specification conditions versus a percent difference of the 
radius from the radius specification. Figure 3.2 shows an 


example of power required (% change) versus radius of the 


main rotar (% change), Case 1. 
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ae ee ee (0%) ror transmissian losses (i+ Three engines are 


bone an Ate tional transmission 322 remured), [Rer. FI. 


THe secondary goal cr the thesis was to examine sour 


oof rept feredt TAGES invalving main rator Radius, Chard, 
Roteatianal Velucity, Tip Velacity, Advance Ratic, and 
Solidity. Table 3 shows how these variables were used in 


each of the four (4) cases. 


Tabie 3 
Case Use of Variables 


Radius Chord Rotational Advance Tip Solidity 
Velocity Ratio Velocity 


Case 1 Vv 


{ Cc V Vv Vv 
Case F Vv Cc Vv Cc Cc Vv 
Case 3 Vv Vv C Vv V C 
Case 4 Vv Vv Vv C C Cc 


Vor VARIES C s HELD CONSTANT 


Advance Ratio, Tip Velocity, and Solidity when held constant 
keep their values at the specitication conditions. The 
values of Chora and Rotational Velocity were allowec t-. 
vary when Advance Fatio, Tip Velocity, or Saiidity were heiad 
constant as shown in Table =. 

The graphs cansist of two (2) plots representing the 
same data But presented in different ways. The lett hanu 
pilot shows the actual performance factor value versus main 
rokor radius. Figure 2.1 shows an example using power 


re uiurced versus main rotor radius, Case 1. 
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The example uses a vaiiie of four (4.0) feet. This value re 
assigned to a variable called “ditf". The program was 
written to allaw the X-axis scale of the piot to be 


atqiisted cordance with any vaiue you might chonse rar 


o. 
~~ 
a) 
pn 
nm 


"ditt". The Yrasis scales can alsa change based can ttre 
mManimin and minimum values for the performance tactar being 
consi dered. 

Certain assumptiuns had to be made 10 arder to write 


2 tists these assumptians and tact = 


cr 
Ae 


the orngranm, Ta 


itt 


used ang the line number in the program where tne tacts 


can be changed if needed. 


Table 2 


Assumptions Made in the Frogram 


Assumption Factor Line Number 
Single Mast Helicopters NA NA 
Only Rectangular Blades NA NA 
Frafile Fower Factor 4. 1079,1106 
Ground Effect Factor 1.6 11398 
Transmission & Accessory Losses 

engine SHF = (# ENG*ESHF-10.0) *0.97 560,750,587 


engines SHF (# ENG*ESHF-10.0)#0.9*0.97 561,751.888 
engines SHF = (# ENG*ESHF-10.0)*0.9#0,94 542,782.387 


Wa boo 


ENG: Engine, ESHF: Engine shaft horsepower , 
SHF': Rotor Shaft horsepower 


Yhe Transmission and Accessory Losses were calculated base: 
on a iass of ten (10) horsepower for the accessories, Tey 


percen! (10%) for miltiple engine installation, and three 
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III. SOLUTION TO THE FROBLEM 


The program requires input data prior to compilins ars 


executian. To demonstrate haw to use the program a set a7 
sample Gata was used. Table 1165 a listing of the requirea 


input data for the program. 


Table 1 


Sample Data for Use in Frogram 


Main Rotor Tail Rotor 
Racius 26.38 ft Ses Ft 
Chord 1-673. °£t 9.81 ft 
Rotational velocity 27.0 rad/sec 124.6 rad‘sec 
Coefficient of drag 0,008 O.u06 
Number of blades 4 4 


Seneral Helicopter Data 


Weight 200GC.0 lbs 
Tail boom length 21.5 Ft 
Effective flat plate area (forward) Zo.7 SG ¥t 
Effective flat plate area (vertical) Si. sa ft 
Main rotor height above skids or wheels li.e ft 


Aircraft velocity (power calculations only) GO.0O kts 
Filus/minus (+/-) value for main rotor radius 4.0 ft 


Engine Data 


Number af engines = 

Shaft horsepower output (military) 1561.0 shp 

Shaft horsepower output (normal) 1213.0 shp 

Shaft horsepower output (cruise) 989.0 shp 
Specific fuel consumption (military) 0.46 lbs: shpvhr 
Specafic fuel consumption (normal) 0.47 lbssshprin 
Specific fuel consumption (cruise) Q.091 lbs/shpeivr 

As indicated in Table 1, a value 15 inputted for the 


range over which you wish to examine the main rotor redus. 


4.0 FOWMP  --  faiculaces power requirements for mein 
rotor areiy. 


ue 


RF - Calculates power requirements for tai 
al airecrart. 


j 

4 
Q 
a 
“4 


Calculates general constants to be use in 
the first five subroutines listed sebave. 

Tn addition to the subroutines listed above, Sax Mars, 
Sub-group R, CApeendi Bl, were written to perform the 
mecessary iterations to caiculate the performance factors. 
Bome of Sub-group & subroutines were iterated in steps 
(7O00,100,10,1) so that it would not require extensive 
computer time to obtain the desired results. A final Giaht 
subroutines, Sub-group C, CAppendix BI], were written to oicit 
the results using DISSFLA. 

The program takes into account neither compressibility 
nor Blade stall. These considerations were omitted since 
this program was aimed at facilitating preliminary decisian 
making for anew design, rather than a final prodiictian 
design, and usually the blade selected for a néw design 15 
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